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(54) TItie: REDUCING PEAK-TO-AVERAGE VARIANCE OF A COMPOSITE TRANSMTTTED SIGNAL GENERATED BY A 
DIGITAL COMBINER VIA CARRIER PHASE OFFSET 




(57) Abstract 

A technique which enables the use of a low cost power amplifier to generate a wideband composite signal, such as in cellular mobile 
telephone (CMT), personal communication system (PCS), or other multi-channel wireless systems. A composite signal is generated by a 
wideband digital combiner as a frequency multiplexed combination of many narrowband modulated digital carrier signals. The technique 
involves introducing piedetermtned phase shifts into each of the digital channel signals after a baseband modulation step. The wideband 
composite signal thus exhibits a reduced pealc-to-average signal power, despite the fact that the phases of the digital carrier signals cannot 
be directly controlled. This permits the use of a power amplifier, which may have a much smaller peak-to-average rating. 
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REDUCING PEAK-TO-AVERAGE VARIANCE OF A COMPOSITE TRANSMUTED 
SIGNAL GENERATED BY A DIGITAL COMBINER VIA CARRIER PHASE OFFSET 



FIELD OF THE INVENTION 

This invention relates generally to multichannel wireless communication systems, and in 
particular to a multichannel transmitter which offsets variaticns in the envelope of a transmitted 
signal by effectively adjusting the phase of the resulting carrier signals. 



BACKGROUND 

The providers of certain multiple-access communications systems, such as wireless 
cellular mobile telephone (CMT) and personal communication systems (PCS), prefer to employ 
basestation transmitter and receiver equipment that is as flexible as possible in terms of the 
channel coverage provided by a particular transceiver site. This is true for wireless systems 
deployed in rural areas, where signal traffic may be concentrated along a roadway, as well as foc^ 
systems deployed in densely populated areas, where a fixed-in-advanced channel capacity may ^ 
be inadequate. Such characteristics are also desirable v^enever relatively large, secure, and 
protective structures are not necessarily available or cost eflFective. For example, in certain PCS 
systems as now being proposed, a large number of small coverage areas, or cells, will be 
necessary. In these PCS systems, wireless basestation equipment may be deployed in cells as 
small as 500 feet in diameter. ^ ^ 

One way to resolve these difficihties is to implement a basestation transceiver using high 
speed analog-to-digital (A/D) and digital-to-ahalog (D/A) converters, together vwth efficient 
digital filtering algorithms such as the Fast Fourier Transform (FFT). In the receiver section, a 
forward FFT-based filter bank analyzer, or iso-called channelizer, separates the incoming signal 
energy into multiple ones of the desired channels. On the transmit side, an inverse FFT-based 
fihSr bank synthesizer, or so-called combiner, outputs a composite frequency-modulated signal 
representative of the contents of the combined channel signals. In this manner, relatively 
compact, lightweight, inexpensive, and reliable digital integrated circuits may be used to cover 
the entire chamiel capacity offered by the communication service provider. 
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For a more detailed description of such a system, please refer to our co-pending United 
States patent appUcation of Carney, R., and Williams, T., entitled "Transceiver Apparatus 
Employing Wideband FFT Channelizer with Output Sample Timing Adjustment and Inverse 
FFT Combiner for a Multichannel Communication Network" filed April 8, 1994 and given 
serial number 08/224,754. 

Unlike prior art basestations, such a wideband digital basestation is capable of receiving 
or transmitting on any number of channels at any instant in time. While this provides maxunum 
channel-essignment flexibility and a certain number of other advantages, it also poses a number 
of unique problems. 

In particular, consider that the individual signals may use modulation schemes that do 
not exhibit a constant amplitude envelope, such as ampUtude modulation (AM), or quadrature 
amplitude modulation (QAM). Even when constant envelope modulation schemes, such as 
frequency modulation (FM), frequency shift keying (FSK), or phase shift keying (PSK). or 
minimum shift keying (MSK) are used for the individual channel signals, the composite 
waveform generated by the combiner cannot be guaranteed to exhibit a constant envelope. ^ 

This is because the composite signal is a sum of digital channel signals having non- ^ 
deterministic phases, and because the channels may be activated independentiy of each otiier. 
Thus, even when the modulation used for each channel has a constant amplitude envelope over 
time, the composite signal will not exhibit a constant envelope. Ratiier, the composite signal 
can be predicted to have a uniformly random phase distribution and a Rayleigh probability 
density amplitude envelope. _ 

The resulting Rayleigh-distrib^ envelope has undesirably high peak-to-average 
power requirements tiiat place demanding linearity and dynanuc range requirements on tiie 
transmit signal patii. These requirements are especially acute for a high-power amplifier 
component which must be placed between ti»e output of the combiner and tiie antenna. Because 
of this phenomenon, for example, a 50 Watt transmit amplifier may actually be required to 
.handle 250 Watt signals for short periods of time^That is, the instantaneous peak power output 
must typically be about five (5) times tiie average power output, and tiie power ampUfier design 
must achieve tius witii minimal distortion to tiie individual channel signals and witiiout creation 
of in-band or out-of-band spurious tones. 
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While it is possible to design a power amplifier which has sufficient linearity to achieve 
this resxilt, such an amplifier is decidedly more complex in design, less efficient, and more 
expensive than would otherwise be required. 

Others have recognized certain related problems in mininuzing the peak-to-average 
power envelope of a composite signal. For example, the article by Gimlin, D^R. and Patisaul, 
C.R-, entitled "On Minimizing the Peak-to- Average Power R^tio for the Sum of N Sinusoids," 
published in IEEE Transactions on Communications . Vol 41, No. 4, April 1993, pp. 631-635, 
discusses ^problem of generating a sum of a integer number, N, of equally spaced, 
immoduiated or identically modulated carrier signals. That article recognizes that a worst case 
situation occurs, in terms of peak-to-average transmitter power ratio, when the carrier signals 
happen to have zero phase at the same instant in time. The net effect of this sum of N in-phase 
sinusoids is to induce a ripple in the transmitter output. This ripple effect is not unlike the so- 
called Gibbs phenomenon v^ch occiirs in the output of a low pass Finite Impulse Response 
(FIR) filter due to the discrete truncation of a Fourier series approximation to the ideal filter. 

One approach to minimizing the peak-to-average power ration, as explained in the 
Gilmlin article, is to impart a so-called Newman relationship between the phases of the 
individual carrier signals. While this Newman phase offset scheme might appear to be a 
solution to the problem of minimizing the peak-to-average power ratio in a system which 
generates a wideband composite signal using an inverse FFT-based filter bank synthesizer, there 
are several practical considerations which are problematic. 

First, the Newman phase offset scheme assumes that each of the N signals are of an 
equal amplitude, and that each of the N^^gnals are an identically modulated sinusoid. In any 
practical system, neither of these restraints is ever true. Each channel will typically contain a 
difTerent baseband voice and/or data signal which has a unique amplitude and/or modulation 
that depends upon the instantaneous values of the voice and/or data signals that are to be 
transmitted. ^ . 

Secondly, there is no way to directly controfthe phases of the carrier signals generated 
by a wideband, inverse FFT-based synthesizer. In particular, the only inputs to the inverse FFT 
are the individual signals for each channel. The digital carrier signals are completely 
synthesized by the inverse FFT, in strict accordance with the inverse FFT algorithm. 
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Unfortunately, the inverse FFT algorithm cannot be direcUy altered to generate carrier signals 
having a prescribed phase relationship, since an improper Fourier transform would then result. 
AS such, the above-mentioned Gibbs-like distortion phenomenon will thus occur in the output 
of the inverse-FFT. 

It would thus appear that if one intends to use an inverse FFT-based s^thesi2«r to 
generate the composite signal in a multichannel communications system, one must accept the 
risk of introducing distortion in the output. It would also appear that one must select an output 
power maplifier having linearity and peak power lequirements in excess of what would 
otherwise be expected. 

What is needed is a way to adjust the phases of the individual carrier signals in a 
composite signal generated by an inverse FFT-based synthesizer, so that the peak-to-average 
output power can be minimized. ' 



DISCLOSURE OF THE INVENTION ^ 

Objects of the Invention 

Accordingly, the present invention aims to provide a digital signal synthesizer for use in 
a multichannel communications system which makes use of an inverse FFT or other digital 
filter bank process, to generate a composite signal consisting of multiple channel signals 
modulated onto a like number of evenly spaced apart carrier signals, and wherein the resultmg 
carrier signals have a prescribed phase relationship. 

A further object of the invention is ^o provide an improved digital synthesizer, which 
produces a composite signal having a minimum peak-to-average power. 

Another object of the invention is to provide a digital synthesizer wherein distortion of a 
composite signal is minimized. ^ 

— Yet another object of the invention is to feHuce the linearity and dynamicrange 
requirements of a power amplifier used in conjunction with a wideband digital synthesizer. 



BNSDOCIO <WO 96l39ifiA1> 



wo 96/13918 



PCT/US95/14069 



-5- 



Summary of the Invention 



Briefly, the invention is a technique to control the phases of the carriers of a 
multichannel composite signal generated by a digital synthesizer. The carrier phases are 
adjusted by imparting a predetemiined phase ofifset to each channel signal as part of a baseband 
modulation process, prior to feeding the channel signals to the digital synthesizer. 

The predetermined phase offsets depend upon the bandwidth of the digital synthesizer 
and the frequency spacing between channels, and a different phase offset is typically determined 
for each channel. In a preferred embodiment, the phase offsets, <t>j, are calculated according to 
the relationship: 



where e is the complex exponential, co is the total bandwidth in radians per second of the*^ 
, wideband composite signal c(t) {e.g., the number of input channels, n, times the bandwidth of ^ 
each chaimel}, and a is given by: 



The invention has several advantages. ^The signal output by the digital synthesizer has 
an envelope characteristic which has far smaller peaks variations than would otherwise occur. 
As a result, the output power amplifier no longer needs to exhibit extreme linearity or excessive 
power characteristics. ^ 

Furthermore; the prescribed phase relationship is maintained between the digitally 
synthesized carrier sigxials without altering the steps of the digital synthesizing process. This 
permits the use of standard, well-known processing algorithms and compoents such as an 
inverse Fast Fourier Transform (FFT) to implement the digital synthesizer. 




where 1/T is the channel spacing, also in radians per second. 
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Brief Description of the Drawings 
For a more complete understanding of the advantages provided by the invention, 
reference should be had to the following detailed description together with the accompanying 
dravsdngs, in which: 

Fig 1 isablock diagram of wideband digital transceiverthat makes use ofadigitalfa^^^ 
bank syotfeesizer. phase-modulators, and phase offset generator according to the invention; and 
Fig. 2 is a detailed block diagram of an exemplary one of the phase modulators of Fig. I. 
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Detailed Description of a Preferred Embodiment 

A. Introduction 

Fig. 1 is a block diagram of a multichannel wireless digital basestation according to the 
invention. The basestation consists of a receiver section 1 0, a transmitter section 20, and a 
basestation control processor (controller) 30, 

The receiver section 10 consists of a receive antenna 1 1, a frequency down-converter 12, 
an analog-to^igital (A/D) converter 14, a digital filter bank analyzer or so-called channelizer 
16, a first time division multiplex (TDM) bus 17, an integer number, m, of digital demodulators 
18-1, 18-2,... J 8-m (collectively, the demodulators 18), and a transport signal encoder 19. 

The transmitter section 20 includes a transport signal decoder 21 , a plurality of digital 
modulators 22-1, 22-2,...,22-m (collectively, the modulators 22), a like plurality of digital 
phase shifters 23-1, 23-2, 23-m, a second TDMA bus 24, a digital filter bank synthesizer, or 
so-called combiner 25, a digital phase offset generator 26, a digital-to-analog (D/A) converter 
27, a frequency up-converter 28, a power amplifier 29, and a transmit antenna 32. 

In operation, the basestation exchanges radio frequency (RF) signals with a number of 
mobile 40-1 or portable 40-2 subscriber terminals (collectively, mobiles 40). These RF signals 
typically include voice and/or data charmel signals which are frequency multiplexed by 
modulating them onto one or more carrier signals. The basestation serves to couple these 
channel signals to the public switched telephone network (PSTN), such as via a Mobile 
Telephone Switching Office (MTSO), 

The particular RF modulation uged to communicate with the niobiles 40 may be in 
accordance with any one of a number of different air interface standards, including frequency 
modulation (FM) as specified by the well known Advanced Mobile Phone Service (AMPS) 
standard, time division multiple access (TDMA) such as in the IS-54B standard, code division 
multiple access (CMDA) as in the IS-95 standard, or other modulations, such as those specified 
by the European Global System Mobile (GSM) standard, personal communication system 
(PCS) standards, or the like. 

The present invention is concerned with a technique for minimizing the peak-to-average 
variance in the envelope of a composite signal generated by the transmitter power 2implifier 29, 
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through the use of the digital phase shifters 23 and digital phase offset generator 26. However, 
a brief description of the wideband receiver 10 first will assist in understanding the invention. 



p -p^p Wideband Receiver I Q 

In operation, the frequency multiplexed RF signals from the mobiles 40 are received at 
the receive antenna 1 1 and then forwarded to the wideband downconverter 12. The 
downconverter 12 translates the center frequency of the RF signals received at the antenna 1 1 to 
an intem^iate frequency (IF) within the bandwidth of the A/D converter 14. The 
downconverter 12 may actually use several stages of mixers, amplifiers, and bandpass filters, as 
is well known in the art. 

The downconverter 12 is wideband in the sense that it covers a substantial portion of 
the bandwidth available to the wireless service provider who is operating the basestation. For 
example, if the air interface implemented by the basestation is IS-54B, the downconverter 12 
may process as much as a 12.5 MegaHertz (MHz) bandwidth in the 800-900 MHz range. This 
bandwidth contains a composite signal that may include as many as 416 active channel signalsr-;^ 
each having an approximately 30 kiloHertz (kHz) bandwidth. Usually, one-half of the channels^ 
are reserved for transmitting signals and one-half for receiving. Thus, in the IS-54B example 
being described, there are typically two-hundred-eight (208) chamiels processed by the receiver 
10 and 208 channels processed by the transmitter 20. 

The digital signal output by the A/D converter 14 is then forwarded to the digital 
cham^elizer 16. The digital chamielizer 16 is essentially a bank of digital filtersrwhich separate 
the down converted composite signaUa^a plurality, n, of individual digital channel signals. In 
the case of the 1 S-54B example, the digital channelizer 1 6 can thus be considered to be a bank 
of 208 digital filters, with each filter having a 30 kHz bandwidth. 

The chamieUzer 16 may implement the digital filter bank using any of several- different 
filtering teclmiques, such as described in Crochiere, R.E.. and Rabiner. L.R. Ml l Uirmg Digital 
Processing fEnglewood Cliffs, N.J.: Prentice-Hall, 1983). Chapter 7, pp. 289-400. The 
chamielizer 16 may, for example, use a convolutional digital filter 160 followed by a Fast 
Fourier Transform (FFT) 1 6 1 . The convolutional filter may make use of so-called overiap-and- 
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add or polyphase digital filtering techniques. A co-pending United States patent application 
entitled "Transceiver Apparatus Employing Wideband FFT Channelizer with Output Sample 
Timing Adjustment and Inverse FFT Combiner for a Multichannel Communication Network" 
filed on April 8, 1994 and given Serial Nimiber 08/224,754 describes several particular 
embodiments of the digital channelizer 16 in greater detail. 

Regardless of the details of the implementation of the channelizer 16 however, it 
provides a number, n, of individual digital channel signals, wherein each of these n outputs 
represents file signal in one of the channels received from one of the mobiles 41 . 

The digital chaimel signals at the output of the channelizer 16 are then provided over the 
time division multiplex (TDM) bus 1 7 to the plurality of digital demodulators 18. The 
demodulators 18 are typically embodied as digital signal processors (DSPs) which are each 
programmed to remove the modulation on the channel signals, as specified by the air interface 
standard being implemented. There may or may not be a one-to-one correspondence between 
the number, m, of demodulator DSPs 14, and the number, n, of channel signals. For example, 
the demodulators 1 8 may each be a programmed to process a number, such as 24, of the chaiuiel 
signals at the same time. 

The basestation controller 30, using the TDM bus 1 7 and conventional bus read and bus 
write access control signals (not shown), manages access by the n individual digital channel 
outputs to the m demodulators, such as by assigning a time slot to each channel. 

The outputs of the demodulators 1 8 representing the n audio and/or data signals 
originated by the mobiles 40 are then forwarded to the transport encoder. 19. The encoder 19 
reformats the demodulated signals as telephone signals suitable for transmission to a local 
Mobile Telephone Switching Office (MTSO). "The demodulated signals may be reformatted 
according to any one of a number of well-known time multiplex telephone signal transport 
protocols, such as the so-called Tl or El span. The encoded signals are then processed by the 
MTSO in a known fashion, to ultimately complete a connection from the mobile units 40 to a 
desifed destination, such as another telephone subscftber who is connected to the Public 
Switched Telephone Network (PSTN). 

In order to set up each connection, the basestation controller 40 must exchange certain 
control information with the MTSO. For example, a mobile unit 40 wishing to place a call 
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indicates this by signaling the basestation on one or more control signal channels. The 
basestation controller 30 then forwards this request for access to the MTSO. Upon receiving an 
indication from the MTSO that the com^ection can be made, the basestation controller 30 then 
performs a number of steps, to insure that the appropriate data path through the TDM buses 7 
and 23 are enabled to support communication with between the newly enablecUnobile 40 and 
the MTSO. 

ATmentioned above, fte present invention is in tf.e manner in which the .ransminer 20 
uses .he digital phase shifters 23 and digiu.. phase oflse. generaU>r 26 ,0 minitnize varianons ,n 
,he envelope of a composite signal generated by the digital combiner 25. Turning anention no« 
to .he transmitter 20 in more detail. digiti«d voice and/or dau signals received from a stgnal 
source, such as the MTSO. are provided to the transport decoder 2. . The decoder 21 removes 
the .ranspor. signal formaning to provide a plurality of digiul baseband channel signals x.(.), 
x,(,), ... x.(.). representing n votce and/or data signals to be transmitted to the mobiles 41. 

The channel signals x(t) are then coupled .o a number of digital modulators 22-1. 22- _ 
2 22.m (collectively, digital modulators 22) that modulate the channel signals x(t, accordtng, 
.o'ie desired interface standard, to produce a number, n. of digital baseband modulated stgnals 
, W y,(,) y„(t). AS in the case of the demodulators ,8. there may or may not be a one to one 
cltrlspondence between m. the number of digital modulator DSPs, and the number of signals, 
n which they process. The digital modulators 22 are programmed ,0 perform the appropnate 
„;odulation algorithm, depending upon the air interface standard used to communicate wtth the 
mobiles 40. The digital baseband m^ulated signals typically consist of a series of comp ex- 
valued digital data words; that is. the r^i distal modulators provide the n modulated stgnals y(t) 
in so-called in-phase (1) and quadrature (Q) form. 

Ultimately, each of the u modulated signals y(t) are then coupled to one of the n inputs 
of the combiner 24. Analogous* the reverse of the operation in the receiver 10. dteTDM bus 
.24 permits any one of the n modulator outputs y,» to be directed to any one of the n stgna, 
inputs of the combiner 25. In other words, each active outgoing channel is typ.cally asstgned 
unique time slot on the TDM bus 24. 
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However, before passing the n digital modulated signals yj(t) to the combiner 25, the 
digital phase shifters 23 first impart a predetermined complex-valued phase shift <t>|, <|>2, ... <!)„ to 
each of the baseband modulated signals yi(t), to produce a set of m phase-shifted baseband 
signals Z|(t), Z2(t), Zn(t). The n phase shift values <j)j are determined by the digital phase 
offset generator 26, in a manner that will be described shortly. It will suffice here to say that 
these phase shift values depend upon various parameters of the combiner 25, including a 
bandwidth, co, of the composite signal c(t), and a channel spacing 1/T. 

The^gital combiner 25 combines the n phase-shifted channel signals using digital filter 
bank techniques to synthesize the composite digital signal, c(t). The synthesized composite 
signal c(t) consists of the n channel signals combined, by frequency-multiplexing (i.e., "RF 
modulating") them onto n equally-spaced-apart-in-frequency digital carrier signals. In a sense, 
the function of the combiner 25 is the inverse of the channelizer 16. That is, the combiner 25 
generates a composite synthesized signal c(t) consisting of the n channel signals modulated onto 
n evenly spaced digital carriers, Si(t). 

In a preferred embodiment, the digital combiner 25 consists of an inverse FFT 252 and 
deconvolutional digital filter 25 1 . The deconvolutional digital filter 25 1 may use polyphase or 
overlap and add techniques. Further details of the operation of the inverse FFT 252 and 
deconvolutional filter 25 1 are not necessary here, as they are discussed in detail in the co- 
pending patent application. 

The composite signal c(t) is forwarded to the D/A converter 27 and then to frequency 
upconverter 28. The upconverter 28 translates the intermediate frequency composite signal to 
the desired radio frequency bandwidth. -«»^r example, in an IS-54 implementation, this 
frequency band is in the range of 800 to 900 MHz. 

At this point the signal is fed to the power amplifier 29, which providers a power 
amplified signal to the transmit antenna 32. As a result, the desired channel signals are passed 
through the power amplifier with the desired minimum peak-to-average signal power 
chatacteristic. * • 

D. The Phase O ff<;et Generator and Phase Shifters 
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AS mentioned above, the phase offset generator 26 and phase shifters 23 optimally 
control the phases of the carrier signals generated by the digital inverse-FFT combiner 25, to 
produce a minimum-envelope composite signal c(t), despite the fact that the baseband 
modulated channel signals ^(t) all have different modulations, and despite the fact that the 
phases of the n carrier signals output by the combiner 25 are dictated by the inverse FFT 
algorithm, and thus cannot be controlled directly. 

In accomplishing this, I have first observed that in many applications of wireless 
systems.^subset of the n channels is typically not in use at any given point in time. Thus the 
situation is such that no carrier signal at all is being generated for many of the channels. 

In other instances, when the channel traffic is relatively heavy, a typical channel is idle 
„.uch of the time, such as during periods of silence in a voice signal, or during periods when no 
data is available for transmission. 

A given modulated channel signal y(t) thus remains a. or near baseband with zero 
amplimde, frequency or phase deviation much of ti,e time, and the co-responding digital carrrers 
in the composite signal c(.) are also unmodulated. Thus, even the active digital cartters _ 
statistically spend most of their time "near" the unmodulated carrier in ftequency, phase, and 
amplitude. In o^er words, the phase, frequency or amplimde deviation is no. that great most of 
the time, so the situation is such that one can assume that no modulation exists on the earners, 
or at least, only very slight modulation. 

The invention effects a phase adjustmem of the digital carrier signals, in accordance 
with the so-called Newman phase relationship, to result in a minimized peak-tcvaverage output 
power, most of the time. 

The Newman carrier phase shift relationship specifles a constant shift for each carrier 
signal, which changes only if the chamtel spacing or total bandwidth changes. 

Another observation is that a constant phase shift of a pariicular digital carrier can be 
considered io be equivalent to a'corresponding constant phase shift of the baseband signal used 
to modulate the earner. 
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To understand how these phase shifts are calculated, consider that a Newman-type phase 
offset generator 26 determines the set of n complex-valued phase shift values, <t>,, <t>2, ... by 
the relationship: 



(1) 



where e is the complex exponential, co is the total bandwidth in radians per second of the 
wideband composite signal c(t) {e.g., the niunber of input channels, n, times the bandwidth of 
each channel (in this example, the bandwidth is 30 kHz) }, and a is given by the relationship: 



in 

= y (2) 

where 1/T is the spacing between channels, also in radians per second. 

Knowing co and T, then, the complex-valued phase shifts ^^,^2^ <()„, can be determined 
fi-om the complex exponential relationship 



e^^ = cos(j) -h ysincj) . (3) 

That is, the in-phase (I) part of a complex-valued phase shift <|)~is' determined by the 
offset generator determining the cosine, and the quadrature (Q) part by determming the sme. 

Since the phase offset values <j)i remain constant for a given basestation configuration, 
the offset generator 26 need only calculate them when the basestation channel band widths or 
number of channels changes. Thus^he offset generator functions may be performed by suitable 
pro^j^ming of any .available processor, such as th^asestation controller 30, and simply 
retained in a memory that is accessed as needed by the phase shifters 23. 
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If the basestation will always have the same configuration, then the offset generator 26 
may be implemented as a read only memory (ROM) having the pre-calculated values stored 

therein. 

Knowing that the phase shift ^, remains constant, it can now be understood how the 
imparting of a phase shift at the input to the combiner 25 effects the phase of tT>e carriers at the 
outputs of the combiner in the desired way. Consider that desired operation of the combmer m 
transmitting a given carrier signal s^t) is represented mathematically by: 



where co, is the iUh carrier frequency (in radians per second) and the desired constant 
carrier phase shift, as described above. Making use of a mathematical identity, this is 
equivalent to: 



Since the order of the multiplications does not matter, the phase shift operation denoted 
by the term e^* ' in equation (5) can be thus performed before the zero-shift chamielizer 

7 CO ./ 

operation denoted by e ^' • 

The digital phase shifters 23 themselves might be implemented as discrete electronic 
digital integrated circuits, but are preferably implemented as additional software steps in the 
same digital signal processor which implements the modulators 22. 

Fig 2 shows a signal flow graph which describes either a hardware or software 
implementation of an exemplary complex-valued digital phase shifter 23-i. The I and Q 
portions of the corresponding bl^eband modulated signal y .(t) are fed to one input of a 
rTspective pair of multipliers 50-i, 50-q. the I and Q portions of the complex phase shift, 4.. 
since they are constant, may be stored in corresponding local memory location or registers 52 
52-q The outputs of the 1 and Q registers 52-i. 52-q. are provided to the other inputs of the 
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respective ones of the multipliers 50-i, 50-q. The phase-shifted digital modulated signal 2i(t) 
thus appears as a complex valued I and Q outputs. 

While we have shown and described several embodiments in accordance with the 
present invention, it is to be understood that the invention is not limited thereto, but is 
susceptible to numerous changes and modifications as icno\vn to a person skilled in the an, and 
we therefore do not wish to be limited to the details shown and described herein but intend to 
cover all suclTchanges and modifications as are obvious to one of ordinary skill in the art. 

What is claimed is: 
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CLAIMS 



, A «^i«r for proce^ing signals m a wireless communicauon system wh.eh 
incMes multiple mobile subscriber units, the trar^mitter comprising: 

„ideba,d digital combiner means, for combining a plurality, n. of channel signals x,(t). 
, (0 X (.) which areto be transmitted to a plurality of the mobile subscriber unrts, to 
pf^u:molposite digital signal. c(t,. the composite signal existing of the n channel s.g^s 
::dledontoa,i.entmtber.n.„fdigi.al carrier signals spaced apart in „y.the 

wideband composite digital signal c(t) having a predetermined bandwtath; 

digital-to-analog (D/A) conversion means, connected to receive the composite d,g.ul 
signal. c(t). and to provide an analog signal; 

upconverier means, connected to the D/A converter, for upconverting d,e analog stgnal 
to a radio frequency <RF) to produce an RF signal; 

a power amplifier, connected ,o receive the RP signal, and to provide a power ampl.fied, 

RF signal; 

an antenna, for receiving the power amplified RP signal, and for providing the signal to 
the plurality of mobile subscriber units; and 

phase adjusting means, for adjusting the phase of a. least a subset of the n channel 
signals a. the input to the digital combiner means, the phase adjustment being in accordance 
:::p:scriJdpHaseshi«rela.ionship..heprescribedphaserel^^^^^^^^ 
,„ reduce the peak-to:average power S ihe power amplified RF signal. 

1 A transmitter as in claim 1 additionally comprising: 

. plurality ofmodulatioi; means, connected to receive a plurality of subscriber signals 
-which are to be transmitted to the mobile subscriber units, for providing a p lurahty. 
diaiully modulated channel signals, each digitally modulated channel stgnal havtng a 
p::linedchannelbandwidth.andeachofthendigi.allymodu,atedch^^^ 
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being forwarded to the phase adjusting me£ins prior to being input to the digital combiner 
means. 

3. A transmitter as in claim 2 wherein the phase adjustment means comprises: 

a plurality of digital phase shifter means disposed between the output of the plurality of 
modulator means and the inputs to the digital combiner means, each such phase shifter means 
being arranged to impart a different phase shift to a respective one of the n digitally modulated 
signals. 

4. A transmitter as in claim 3 wherein the phase adjustment means additionally 
comprises: 

offset generator means, for determining a plurality of phase offsets to be fed to the 
digital phase shifters, 

5. A transmitter as in claim 4 wherein the offset generator means additionally 
comprises: 

means for determining the plurality, n, of phase offsets, <t)|, (t>2^ 4>n» by the relationship: 




where e is a complex exponential^ is a total bandwidth in radians per second of the 
wideband composite signal c(t) and a is given\»y the relationship: 

in 

where i is a channel index number ranging from 1 to n. and 1/T is the channel spacing, 
in radians per second. 
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6. A transmitter as in claim 5 wherein the digital phase shifter means are complex- 
valued phase shifters. 

7. A transmitter as in claim 6 wherein the complex-valued phase shifters comprise: 
a pair of digital multipliers, with an in-phase multiplier connected to multiply an in- 

phase (1) component of the corresponding phase offset and an in-phase (1) component of the 
digital modulated signal, and a quadrature multiplier com^ected to multiply a quadrature (Q) 
compon':^t of the corresponding phase offset and a quadrature (Q) componem of the digital 
modulated signal. 

8. A transmitter as in claim 3 wherein the complex-valued phase shifters are 
implemented in a programmable processor. 

9. A transmitter as in claim 6 wherein the complex-valued phase shifters and modulat^jr^ 
means are each implemented in the same programmable processor. 

10. A method for processing signals in a multiple mobile subscriber unit wireless 
communication system comprising: 

digitally ccmbini,^ a plurali.y, n. of chamcl signals x(t) which are .o be .ra„smi«=d .0 a 
plurality of ,he mobile subscriber u^, to produce a composite digitkl signal. c(.). consisung of 
.he n channel signals modulated on,^ like number, n. of digital carrier signals spaced apart ,„ 
frequency, the wideband composite digital signal c(t) having an envelope that varies over ume 
and a predetermined bandwidth; 

digital-to-analog (D/A)^nverting the composite digital signal. c(t). to provide an 

-^alog signal; - 

upconverting the analog signal to a radio frequency (RF). to produce an RF signal; 
power amplifying the RF signal, to provide a power amplified RF signal; 
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transmitting, via an antenna, the power amplified RF signal to the plurality of mobile 
subscriber units; and 

adjusting the phases of at least a subset of the n channel signals x(t) at the input to the 
digital combiner means according to a prescribed phase shift relationship, the prescribed phase 
relationship being selected to reduce the peak to average power in the power amplified RF 
signal. 



11 . A method as in claim 10 additionally comprising: 

modulating a plurality of subscriber signals which are to be transmitted to a plurahty of 
mobile subscriber imits, to provide a plurality, n, of digitally modulated channel signals, each 
digitally modulated channel signal having a predetermined channel bandwidth, and each 
digitally modulated channel signal being processed by the phase adjusting step prior to being 
processed by the digital combining step. 



12. A method as in claim 1 1 wherein the step of adjusting the phase comprises the step 

of: 

shifting the phases of a plurality of the digitally modulated channel signals, each such 
phase shift being such that it imparts a different phase shift. 

13. A method as in claim 1 0 wherein the step of adjusting the phases additionally 

• - - 
comprises the steps of: 

X 

generating a plurality of phase offsets to be used by the phase shifting step. 

14. A method as in claim T3 wherein the step of generating a plurality of phase offsets 
additTonally comprises: ... ^ 

determining a plurality, n, of phase offsets, (^^,^2- <t>n^ using the relationship: 
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„here e is a complex exponential. <. is a total bandwidth in radians per second of the 
wideband cotnposite signal c(t) and a is given by the relationship: 

i'Tt 

^ere i is a channel index number ranging from I to m. and 1^ is the channel spacing, 
in radians per second. 

,5. A method as in claim 14 wherein the step of adjusting the phases includes the step 
of complex-valued phase shifting. 

,6. A method as in claim 15 vvherein the step of complex-valued phase shifting 

comprises: 

multiplying, with a pair of digital multipliers, an in-phase component of the 
corresponding pha.e offset with an in-phase component of the digital modulated signal. ar,d a 
quadrature componem of the corresponding phase offset with a quadrature componem of the 

digital modulated signal. 



17. A method as in 



claim 16,wherein the step of complex-valued phase shifting is 



implemented in a programmable processor. 



18. A method as in claim 17 wherein the steps of complex-valued phase shifting and 
digitally modulating are implemented in the sam^programmable processor. 
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